
mk 


* ‘V-3* • 




;a ? ' '. 



r .'~.'- • .. 

/ ■•■'■•>•:; •; •;•• 
^~ft.v£r^^ yygf iyy^ 1- •.•'.*.>*.■■.■. • ■ 

,-»i; :. , TV. ; > /- ^ • 


-.r. ■ \ :.. • 
’■;■•■ . •. -\ • ■■ 

? .-)- «?* „ • :&% ■ M- • ..;• •«-•'; ■* ■• t 

•*«?v•• -i*••»*••<**• yA^'-s• i• • ■■ .-’'>• i • • *; ' - V 


V • 


V . * ,. > 


i v 


?... .i»33Aj6‘ e&Ah^' ■ 




Can Alpha-1-Protease Inhibitor Be Used in Replacement Therapy? 
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• .££!?*& Introduction » i '- 

In this report; I will discuss the biology and 
chemistry of alpha-1-protease inhibitor (o,PI, 
also called alpha-I-antitrypsin) in order to 
express the variables that must be consid¬ 
ered to permit its use as a therapeutic agenti 
First, the genetics of a,PI will be pre¬ 
sented as related to the problem at hand. In 
the discussion of its biology, the distribu¬ 
tion^ production, and clearance of a,PI will 
be reviewedj Clinical states with apparent 
deficiencies of o t PI will be listed, and our 
new method for isolation ofoiPIj which is 
compatible with the requirements of indus¬ 
trial-level plasma fractionation, will be dis- 
cussed. •' 

Finally, the pitfalls of employing such 
therapy will be described and alternatives 
will be briefly alluded to. 
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SUMMARY We propose that alphe-1-prolease Inhibitor ( S| PI) ten assume a major and beneficial 
role in preventing emphysema lib e,RWefIclent individuals, and may also prove of valdie in the 
treatment of adult respiratory distress syndrome (ARDS). a,PI has a single, unusual disulfide 
bond that consists of a cysteine residue In the peptide chain covalently bound to a free amino 
acid cysteine. The linkage can be broken by reductants without adversely affecting the stability * 
or the Inhibitory activities ot the protein. As ■ result ol this property, o,PI can be effectively 
separated in solution from many ol her plasma proteins by salting out the contaminants In the 
presence ot strong reductants- We have applied the technique of reductive-salting out, coupled 
with more conventional DEAE anion exchange chromatography to isolate <»,PI from Cohn Frac¬ 
tion IV-1; a relatively unused side product In the worldwide production of albumin and Immune- 
globulins. Furthermore, we have demonstrated that the product can be effectively pasteurized in 
the presence of various stabilizing additives. The necessary ingredients now exist for extensive 
clinical studies in the years ahead. ■: i . AM REV RESPIR OIS 19*3; 127:S47-SW 
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Genetic and Biologic Considerations 

Proteolytic enzyme inhibitors are of funda¬ 
mental'importance in the regulation of key 
physiologic processes, including blood clot¬ 
ting and I the dissolution of clots, blood 
pressure, hormone action, tissue remodel¬ 
ing and wound healing, the immune system, 
and various cellular'processes including dif¬ 
ferentiation, division, recognition* and 
transformation (1-6); In plasma these in¬ 
hibitors comprise about 10% of the total 
protein and include a x PI (also called alpha- 
I-antitrypsin), « 2 -macrogIobuIin, amithrom- 
bin III, ffi-antichymotrypsin, oj-plasmin in¬ 
hibitor, , Cj-inactivator, and . inter-alpha 
trypsin inhibitor. 

..... tfiPI is the most prevalent of the protease 
plasma inhibitors. It is a glycoprotein of 
moltcular weight ~ 50,000: and is also pres¬ 
ent in interstitial fluids, lymph, genitai se¬ 
cretions, tears, saliva, nasal and puimonary 
secretions, cerebrospinal' and amnlotic 
fluids, colostrum; platelets, and mega¬ 
karyocytes. a, PI is synthesized in liver 
parenchymal cells (7); It is secreted into the 
circulation in multiple forms as visualized 
by discontinuous starch gel electrophoresis 
(8) or isoelectric focusing (9), where as 
many as 8 discrete bands are seen. The gene 
locus is named'Pi (for protease inhibitor) 
and the more than 20 genetic variants are 
given letter designations Pi B, C, D. . . 
M. . .Z, etc., according to their electropho¬ 
retic mobility. These alleles are expressed in 
an autosomal 1 codominant fashion; The 
PiM allele is most common with a gene fre¬ 
quency of M).9, and individuals homozy¬ 
gous for this allele have ~L3 mg mPI/ml 
of plasma (10). 

Several lof the variant forms of a,PI are 
associated with decreased levels of circulat¬ 


ing inhibitor. These include the alleles PiZ 
and PiS, as well as the less common Pi' 
(null gene) (11), which is associated with lit¬ 
tle or no detectable product. 

The pathophysiologic significance of I6w 
circulating levels of oiPl derives from the 
strong association of pulmonary emphyse¬ 
ma with the homozygous Z allele (12), and 
this can result' from improperly regulated 
proteases released from 'inflammatory cells. 
Studies on the catabolism of PiM and PiZ 
forms of tfiPI indicate that both'proteins 
have similar half-lives, about 5 days for the 
Z-protein (13), and 6 to 7 days for the 
M-protein (13, 14). Gearance from plasma 
for both forms of a,pi is dramatically, en¬ 
hanced upon the loss of terminal sialic acid 
residues (15, 16), and this is apparently the 
result'of affinity by the newly exposed ga¬ 
lactosyl residues for a'liver membrane re¬ 
ceptor (15). Detailed investigation on a 
whole series of plasma glycopioteins indi¬ 
cates that the hepatic recognition and bind¬ 
ing ofisialic acid deficient molecules is a sig¬ 
nal for transport 1 to liver iysosomes where 
proteolytic breakdown occurs (J 7). 


an elevaiion of serum a, PI levels to > 35% 
of normal (i.c., > 70 mg/dl at all times), 
and analysis of bronchoalveolar lavage fluid 
indicated that' an effective antielastase ac¬ 
tivity was established within the alveolar 
structures. No problems were encountered 
with sterility, pyrogenicity, or hepatitis. 
Also, none of the patients showed any anti¬ 
body formation against PiM protein up to 
one year following infusion;, Finally, no 
signs of allergic reaction or volume oven- 
load were found! These results are very en¬ 
couraging, although the introduction of 
ffiPl at the low level of; purity, used by the 
authors is impractical fdr long-term treat¬ 
ment because the infusion of such a pro¬ 
tein load (22.9 g/285ml/week) required 6 to 
8 hours. 
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Feasibility of Replacement of a,PI 
Deficient Subjects 

As shown by Gadik et at , individuals who 
are homozygous for the deficiency gene Z 
have no effective antiprotease shield'in their 
lower respiratory tract (18). a 2 -macroglobu- 
Jin; a large serum i antielastase, and the 
bronchial mucus inhibitor, an antielastase 
ofthe central airways, do notprotect the al¬ 
veolar structure. In a follow-up study, a, PI 
of ~ 17.5% purity was obtained from nor¬ 
mal donors; (Pi type MM) by fractional pre¬ 
cipitations with polyethylene glycol (19), 
Five emphysematous individuals with severe 
a, PI deficiency (Pi type ZZ) received week¬ 
ly injections of 4 grams of a t PIi inlravent 
ously for 4 weeks. The treatment resulted in 


Would ff,R! be a Useful Therapeutic 
Agent in Other Diseases? 

It has been aemonsiiated that unrestrained 
proteolysis occurs in the lungs in patients 
with adult respiratory distress syndrome 
(See Cochrane *>t o/, this symposium): *n 
addition, active neutrophil I proteases have 
been demonstrated in purulent secretions of 
patients with chronic bronchitis (20); in pa¬ 
tients with pneumonia (see Cochrane et al 
and Lonky, this symposium) and ifree pro¬ 
teases Have been suggested as having a 
pathogenetic rolt in pancreatitis., Itn addi¬ 
tion;, investigators have not determined 
whether the liver diseases seen in infants 
with PiZ phenotype might be favorably af- 


* From the Medical Research Institute of San 
Francisco. San Francisco, California. 

* Supponed by. NIH Grants HL-23J57, HL- 
24861, and HL-21271 from the National Heart, 
Lung, and Blood Institute. 

* Requests for. reprints should be addressed to 
Dr. Charles B. Gliser. Medical Research Insti¬ 
tute of San Francisco, 2200 Webster Street, 
Room 427, San Francisco, California 94155. 
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PURIFICATION OF 


''.^"{“^qsVo .table i ni h$s’6 aft 

,-PROTEASE INHIBITOR FROM COHN IV-1 BY CONVENTIONAL MEANS* 


l 


Protein 

i/ng)f 

• t -Pl i 
(mg)* 

Specifio TIC 
ifngfmg) t5 

Activity 

Recovered 

(%)* 

Purification 

Factor 

■ 

Cohn fraction IV-1 

14,000 

1,490 

0.059 

100 

1j0 

V,, * 

DEAE-cellulose 

2*240 

‘ 1,020 

: -0.16 _ 

- 68.5 

3.1 

K 

QAEsephadex 

• u .i+9 ; 

. . \ 690 

a65 

Z:’ 46 3 . 

11.0 

\- 

Concanavalin A 


P* 50 

, V ' 

,.,,43.6 

11.9 

t 

Gf-150 Sephadex 

...V- 

452 

0^6 

•e - 30^ 

14.6 

]■ 



-..N 



•' -' v 


* Taken from reference 23. ' " :*••»■■>■/* ;••’ - % • *- -■-■ -'-' • ^' j- - •£ .-. 

I Determined by the method of Lowry, ef a/. (52). • ■ **•- •fc^-... f ■ .'---. 3 *>* ! ■. . 

t Determined by radial immunodiffusion and expressed as total mgs of antigen present in the fraction, 
f Trypsin Inhibitory capacity derided by the protein concenlration of the fraction in mg/mf. .. J; . j 
I Based on the radiallmmunodiffusion assay. ._■•. , ,y. r , . . - j r . . 

1 Based on E?-)^ nm c OlSQ. • *., * '. ’ *■ .. ... 

i cm, Z 80 nm .,, . ^um.rvfk r,i v>t> ‘■: r-ia v;.-> v 

■"■- r-g*--••vjffiVo <if ?•■*/*:p' i-.» vr^ +.-•*■**. -.'K -■ • 

fcctcd by raising plasma a, PI levels to nor- * Approximately 10% of the pr< 
maL Therefore aiPI may have potential as ent in the Cohn IV-1 paste is a 
a therapeutic agent for diseases other than sayed by radialimmunodiffUsion 
emphysema. corresponds to ~ 30% of the 


Isolation of a, PI on an Industrial Scale 
ariPI has been isolated in many laboratories 
as a relatively homogenous, stable, and ac¬ 
tive product suitable for research purposes 
(21-25). In deriving a product suitable for 
large-scale clinical application, however, 
many additional considerations become im¬ 
portant including the source of starting ma¬ 
terial, the safety of each separation step 
employed; the feasibility of shifting each 
technique to large-scale processing, the re¬ 
producibility, and the cost. In addition, the 
product derived should be biologically po¬ 
tent, sterile, and safe (i.e., free of toxins, 
pyrogens, immunogens, carcinogens, tera¬ 
togens, materials affecting blood pressure, 
and hepatitis). Beginning in 1974, we un¬ 
dertook the task of trying to overcome the 
various obstacles in providing sufficient 
a, PI to the medical community for its clini¬ 
cal needs. The following is a report of our 
progress to date. 

The most common large-scale plasma 
fractionation scheme in use today through¬ 
out the world continues to be the cold etha¬ 
nol fractionation procedure of Cohn et al 
(i.e.. Method 6) (26), or modifications 
thereof (27). Ift i 1974; we received from 
Cutter Laboratories (Berkeley, CA) several 
Cohn Fractions for evaluation including II 
+ III, IV-1, and IV-4. Each was provided 
as a frozen; homogenized paste. A prelimi¬ 
nary evaluation revealed that IV-1 was most 
suitable for our purposes. This relatively 
unused byproduct is recovered during al¬ 
bumin and immunoglobulin production It 
is formed as a precipitate in the fractiona¬ 
tion process at ~ pH 5.2 and!~ 20% etha¬ 
nol, and typically contains at least the 
follbwing proteins: oiPI, albumin, antichy- 
motrypsin, antithrombin IIli u-acid glyco¬ 
protein, ceruloplasmin, transferrin, a,-lipo¬ 
protein, haptoglobin, inter-a-trypsin inhibi¬ 
tor, C)-inactivaior, aj-macroglobulin, IgG, 
and IgA. 


"Approximately 10% of the protein pres¬ 
ent in the Cohn IV-1 paste is o-, PI as as¬ 
sayed by radialimmunodiffUsion, and this 
corresponds to ~ 30% of the a,PI in 
plasma. The distribution of ff t Pl in other 
Cohn Fractions has not been■ described. 

Our original purification scheme (23) in¬ 
volved activation of the inhibitor in slightly 
basic media, and successive column chro¬ 
matographic steps on DEAE-cellulose, QAE 
Sephadex, Sepharose-bound Concanavalin 
A, and Sephadex G-150, and demonstrated 
the feasibility ofisolating a, PI by a method 
that could be directly applied to worldwide 
plasma fractionation schemes (table 1). It 
indicated in particular that most of the o-jPI 
that had been treated at pH 5 j 2 was not per¬ 
manently inactivated, although laieri work 
(unpublished) in our laboratory shows that, 
for some lots of Cohn IV-I, as much as 30% 
of the a, PI is in an aggregate form that is ir¬ 
reversibly inactivated' 

The finding that a, PI could be recovered 
in active form from low pH solutions was in 


contrast to the reports of others who claimed 
that low pH conditions would permanently 
inactivate a, PL To investigate this matter' 
in more detail, we initiated a study of the 
* low pH inactivation of ©iPli(28). Our inves¬ 
tigation indicated that active dPI could be 
stored at pH 2-4 at 4° C for variable time 
periods with eventual recovery of consider- 
^ able activity against trypsin and elastase. 

■ The inactivation by acid apparently occurs 
- by two means: - ■ - 

(/) A rapid and largely reversible conforma- 
_ ‘ tional change in the monomeric form of 
ff,PI that is accompanied by nearly com- 
' plete loss of enzyme inhibitory properties 
and a large increase in the tryptophan fluo- 
rescence emission at 335 nm (figure 1). Re- 
■ T " v incubation of protein in basic media results 
' in substantial recovery of activity within 1 h 

- and this is preceded by a time-dependent 
decrease in the fluorescence measured at 
.335 nm. Almost all iof the regenerated bio- 

s logical activity resides in the monomeric 
n fraction that regains 91 to 98% of its origi- 
r nal trypsin inhibitory capacity. 

(2) The slow formation of higher molecular 
weight aggregates of cr l PI that have little or 
y no enzyme inhibitory properties, and are 

- not readily dissociated (table 2). 

I ' Although the isolation of <?iPI from Cohn > 
i IV-1 indicaied promise, in practical terms it 
1 did not meet the necessary criteria for pro- 
i ducing a useful blood product. The use of 
e Sepharose-bound Concanavalin A is unac- 
t ceptable, as the leakage of even minute 
I amounts of Con A into the media could in¬ 
troduce the serious risk of a major antigenic 
k reaction in the recipient. In addition, al- 
, though Lhs gel filtration step is safe and re- 
b produdble, ii is not'an approach that can 
be used for purification of greater than sev¬ 
eral grains at a time, and therefore is not 
J practical. ' 

3 Concurrently, we investigated the chem- 



Fifl.i t. The Increase lii trypsin Inhibitory capacity (A, B, ,C) and corresponding decrease in the fluores¬ 
cence intensity,(D, E, ,F) as a function of time following titration of various acidic solutions to pH 8.0-8.2 
with an equal Volume of 0.66 M Tris buffer. pH 8.5. The original Solutions were as follows: A, D (0.1 M gly- 
clne/HCI, pH!3);:C, F(0.1 M gfycine/HCI, pH 2); B, E(0.1 M ammonium aoetatii, pH 4};The acid Incubalion 
period was 30 min. The recorded f Id ores oenee inlensity In each case is relative lo that of a control solu¬ 
tion prepared by dissolving *,Pi ih a pH 8 0-8.2 buffered solution consisting of one part of the appropri¬ 
ate low pH solution and one part of 0 66 M Tris HCl. pH 8 5. Both the Irypsin Inhibitory capacity (detined 
as 100 */*} and the relative fluorescence Inlensity (defined as 1.0) remained constant during the time 
course of the experiment when measured using a control »,Pt. 
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' frf ■ :v?r^V •*: y'* 1 !•, 

i-'. ; ■*: y: v Monomer > jr . 

r Polymer 


;’*- r 30 min 

48 h 

30 min 

48h 

Vy**. 0.1 M gtycine/HCI buHer, pH 2.0 

; -.98t(63rf 

,.Y- 72(46} 

< 2 

<10 

\ ; 0.1 M fllycineTHCt buffer, pH 3.0 . ; k 

; 83 (75) . 

,Y 94(58) 

« <2 

■ il : ’<io 

V ; 0.1 M ammonium acetate, pH 4.0 

91 (78) 

84(36} 

' <2 

<10 


* Tafcan from reference 28c following Incubation at low pH for 30 min or 4fl resolutions were dialyzed to pH 8.0 for 24 K 
.- t % of trypsin inhibitory capacity recovered relative to control solution of «,Pt that has not undergone acid treatment 
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istry of the disulfide bond of a, PI (29). 
ttiPI has a single, unusual disulfide bond 
that consists of a cysteine containing region 
(i.e., Phe-AsmUe-Gln-His-Cys-Lys) within 
the polypeptide chain which is covalently 
linked to free cysteine or glutathione via a 
disulfide bridge. When this distil fid t bridge 
was broken by reduction and then alkylated 
with iodoaoetamid^, the resultant product 
was found to be fully functional as an in¬ 
hibitor of trypsin and elastase in esterolytic 
and proteolytic assays. The modified pro¬ 
tein was also found to be identical to native 
<rjPI when analyzed by immunologic, elec¬ 
trophoretic, and spectral methods. 

These findings concerning the disulfide 


with a strong reductant (e.g,, dithiothreitol, 
DTT). The disulfide bridge in a, PI should 
be reduced along with large numbers of di¬ 
sulfide bonds in many of the other proteins 
m the media. Because it is well known that 
S-S bridges helb to stabilize proteins in so¬ 
lution, many if not most of the undesired 
proteins should be destabilized by this re¬ 
el uctive treatment and made more amenable 
to precipitation [t.g.. in (NHJjSQ* or 
polyethylene glycol]: We had earlier deter¬ 
mined that we couldi effectively remove 
~ 70% of the contaminating protein with a 
recovery of70 to 75% of o,Pl by salting out 
the reactivated Cohn IV7 mixture in>50% 
(NHj)iS0 4 .,We used this condition to test 


bond of a,PI prompted us to explore a new the effect of treatment of the Cohn IV-1 


approach to the purification. We treated a 
mixture of plasma proteins containing o } FJ 


media with various concentrations of DTT 
at 25° C for 24 h before salting out at 4° C 


with (NH,) 2 SC>4, stirring overnight and cen¬ 
trifuging. In addition, in some experiments, 
we preincubated the media with 2;5% by 
weight of Aerosil 380 (Degussa, Inc., Teter- 
boro, NJ), a fumed silica product that se¬ 
lectively adsorbs several plasma proteins 
including a- and /3-lipoproteins and plas¬ 
minogen (30, 31). 

The reductive salting out technique is 
highly effective at concentrations of 0.025 
M DTT or higher and the addition of Aero¬ 
sil to the media gives an additional purifica¬ 
tion, as illustrated in figure 2. Centrifuga¬ 
tion of the Aerosil-DTTtNROiSCVtreated' 
Cohn IV-1 1 solution effectively removes 
~ 95% of the overall protein from the me¬ 
dia (figure 2B), giving a purification factor 
of nearly 14 compared with ~ 8 for product 
obtained after treatment with DTT and 
(NH.);S0 4 but no Aerosil, and only 3 for 
product obtained by conventional salting 
out (^ 50% (NROiSOO (figure 2A). AP 
bumin, which is present in ~ 15% in the 
Cohn IV-1 media, is completely removed by 
the reductive treatment with or without 
Aerosil I (figure 2C). Approximately 70 to 
75% of the aiPI was recovered from the 
treatment in i all cases (figure 2D); Similar 
matrices were conducted to optimize pH; 
temperature, and incubation time of the re¬ 
ducing step (data not'showm). Neither cys¬ 
teine nor mercaptoethanoi at concentra¬ 
tions as high as 1.0 M could approximate 
the resims found with DTT, indicating the 
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Ftfl.i2. Piirificailon profile of »,Pl from Cohn IV-1 as a function of dithiothreitol concentration, A. Purification factor; 8. Percent total prolein recovery; C. Per¬ 
cent albumin recovery; D. Percent «,Pi recovery measured by TIC. > 
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special importance of this reducing agent 
that results from its ability to form a stable 
5-mcmbered ring on oxidation^ shifting the 
equilibrium toward a reduced product. 

*. When we had determined the proper con¬ 
ditions, Cohn 1V-1 paste was activated, 
treated with Aerosil and DTT, and salted 
0uUjwiii<NH4frSO^kXOfding-to-the fol¬ 
lowing, scheme (32): ':r*, r/n.ri~^v ' 77 


50 g ofCohn IV-1 (15 g protein. 1 g active 
<r,PI) dissolved in 0.5 L of 0.1 M Tris- 
HC1, pH 8.5, 24 h, 4* C. : > 

2.5% dry Aerosil (final concentration), 
followed by 0.025 M DTT, stir for 24 h 
at 25° C. . -V7/. 

50% saturated (NH^SO*, final concen¬ 
tration, stir 16 h at 4* C. - - r• 
Spin (5,000 x g, 30 min), wash, spin, 
concentrate to 300 ml by ultrafiltration 
(10,000 M.W. cut off). 

Dialyze against 4L 0.01 M cysteine, 0.01 i 
M phosphate (pH 7.6) at 25° C, then 
phosphate buffer alone. 


The dialysate was then loaded onto a 
DEAE-cellulose column equilibrated with 
lOmM sodium phosphate (pH 7.6) to a con¬ 
centration of 40-75 mg protein/mi of resin. 
The coHirnn was washed with equilibrating 
buffer until the OD 2 io nm approached zero, 
and then PI was clbted with a gradient of 
10 mM phosphate (pH 7.6) to 10 mM phos¬ 
phate (pH 6 j 0), 0.1 M NaCI. Fractions hav¬ 
ing a specific activity of > 0.90 mg/mg were 
pooled, dialyzed against 10 mM NELHCOj, 
and lyophilized (figure 3). 

As indicated in table 3, the procedure 
yields a flighty purified product with 40 to 
45% recovery. Analysis of the final product 
using radial immunodiffusion against a large 
number of specific antibodies to plasma 
proteins reveals only anti thrombin 111 as an 
impu rity ht y.tial 

ments, a specific elastase inhibiting activity 


of ~ 99% is found, compared with a stan¬ 
dard a, PI preparation (MM type). 

Figure 4 shows an SDS-polyaorylamide 
'gel electrophoresis pattern of Cohn IV-1 
(4B) and of several partially purified frac¬ 
tions derived from salting-out (with and 
without Aerosil and/or DTT [4C, 4E, and 
4FJ, and following DEAE-cellulose chro¬ 
matography [4GJ. The product obtained by 
Aerosil-DTT-(NH 4 )iSO< treatment (4E) 
compared with conventional salting out (no 
Aerosil, no DTT) (4C), or to salting out in 
the presence of Aerosil (4D), indicates the 
effectiveness of DTT in the isolation scheme. 
The ability of the Aerosil to remove most of 
the lower molecular weight impurities is 
seen in 4E (with Aerosil) versus 4F (without 
Aerosil), and is important as these bands 
are sometimes associated with blood-pres- 
stire regulating substances. Aerosil effec¬ 
tively removes all lipoprotein at the reduc¬ 
tive-salt ing-out step and additionally im¬ 
proves the removal of cerulbplasmin and 
transferrin, as shown by radialimmunodif- 
fusion. The final product (4G), obtained 
following the DEAE-chromatography, ap¬ 
pears homogeneous and migrates with the 
same mobility as a control sample of 
M-protein purified from plasma by conven¬ 
tional means (4H). 

To evaluate whether cysteine dialysis re¬ 
sults in the reforming of the a,PI disulfide 
bridge in the final product, the extent of in¬ 
corporation of ,4 C-containing iodoaceta- 
mide was measured for both reduced and 
nonreduced protein, and the results also 
were compared wiihioiPI purified directly 
from PiM plasma by conventional means 
(i.e., without reductive-salting out)j The re¬ 
duced Cohn IV-1 derived product showed 
the incorporation of 0,80 mole label/mole 
protein, whereas that of the reduced M-pro- 
tein was 0.92 mole/mole. In the absence ofi 
rediictant, the Cohn product showed 0.06 
mole/mole incorporation whereas the M- 


protein showed 0.02 mole/mole. These re¬ 
sults indicate that the <*|PI derived by the 
reductive-salting out method has a pro¬ 
tected thiol function (i.e., nonreactive in 
the absence of reductants), presumably in 
the form of disulfide bond with cysteine, 
since little or no dimer or aggregate is seen. 

Phenotyping of the product gave a pat* 
tern indistinguishable from the Pi-type M 
product. This is not a surprising result for a 
pooled plasma pattern because of the high' 
gene frequency of the M-protein. 

The LD 5 o in mice and the blood pressure 
effects in anesthetized rats were used to 
compare oiPI prepared in Cutter Laborato¬ 
ries by a procedure similar to our own to 
«iPI purified by more conventional proce¬ 
dures, The LDso indicated a low toxicity. In 
rats the more pure a,PI preparations (both 
DTT-treated and conventional) were non- 
hypertensive and the functional elastase 
inhibitor! capacity and antigenic half-lives 
of all preparations were similar (D. Schroe- 
der. Cutter Laboratories, private communi¬ 
cation). 

The reductive-salting out is applicable to 
other fluids and this is illustrated in table 4 
for diluted human plasma. A purification 
factor of ~ II was achieved in the presence 
of reductant whereas no purification was 
found in its absence (no Aerosil was used In 
these experiments). 

For long-term treatment of o, PI-deficient 
individuals, a major limitation to the use of 
this inhibitor, or any other plasma product' 
isolated from large numbers of human do¬ 
nors, is the high risk of contamination by 
hepatitis vims. To minimize this risk, we 
have developed a pasteurization procedure 
in collaboration with Drs. Ken Ingham and 
Tom Busby at the American Red Cross La¬ 
boratories, Bethesda* MD. A series of ther¬ 
mal denaruraiion profiles of oiPI was ob¬ 
tained using various stabilizing molecules 
(Glaser, Ingham, unpublished observations). 
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Flfl.i3 Veit). Chromatography of «,PI oblained from purification step with Aerosil-DTT-(NH,hSO, on DEAE-cellulose. The column (13 x 1.5 cm) was equilibrated 
with 0.01 M sodium phosphate (gH 7.6), After application of the sample, the column was washed with equilibration buffer and a linear gradient loO 01 M sodium 
phosphate + 0.1 M NaCI, pH 6 . 0 , was initiated at traction 118 (500 ml total!- Fig. 4 {right): Gel slab electrophoresis of samples from successive steps in the 
purification of «,PI ffom Cohn IV-1. A. M.W. standards (Pharmacia); B. Cohn IV 1(40 M g);C- Supernatant after 50% {MH 4 ),SO, precipilalion (30^g); D. Supernatant 
liter 50% (NHASO, and 12.5% Aerosil (30 *g);i E. as in D. plus 25mM DTT'(30 ^g): F. 50% (NFU,SO, and 25 mM DTT (30 h 0); G. «,PI from Cohn iv-| after DEAE 
celliliJose chromatography (20+«g); ;H. a,pl (Pi type MM) Isolated from human serum by conventional methods (20 ^).i 
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TABLE 3 

PURIFICATION 1 OF .,-PROTEASE INHIBITOR BY, THE REDUCTIVE-SALTING OUT METHOD* 


4* 


\*3>- CM thiV >£* SV /i>; ,'i 4 ti ■’ \ 

irft.- ,l < '• r ^i 

-»•?*< v-• Protein 

'• mg 

:: . 

e,P! 
.(■ii* Corr 
- (TIC) 

Specific 
Activity 
mg active n,Pt 
mg total protein 

e,P1 

Yield 

% 

Purifi- 
■ cation 
- Factor 

Cohn IV-) -:r--ar; 5*4 m L iB,05Ot 

Aerosit + dithiothreitot 
‘ -»• (NHJ,SO, , : v .* 3, 770t 

DEAE-cellJjtose 39t* 

' 900 

531 

387 

0.056 

■ a692 

0.990 

59 

43 

' •; : ii4 

18.9 

* Taken from refereoce 32. • :: 

" 1 Determined by Lowry with • BSA standard. . 

* Determined by using Ejsonm ^ 

* : .Z . 

j \!; , . » .. 

...i 4 i.\ ) 

■. e - 

.t iV-4' 
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The increase in 1,8-anilinonaphthalene suL 
fonate (ANS) binding as a consequence of 
denaturalion was used to monitor each ex¬ 
periment (33). .... • - '■*=' - '■»-»! 

Solvolytic conditions that resulted in sub¬ 
stantial shifts to higher temperatures in the 
ANS binding curves, especially where the 
onset' of denaturation was above 60° C, 
were considered for further evaluation. 
Under selected solvolytic conditions, ojPI 
was heated for 10 hours at 60° C and its ac¬ 
tivity was measured. Pasteurization in the 
presence of combinations of citrate (1.2M) 
and either EDTA (0.5 M) or gluconate 
(1.2 M) results in a product that is 90 to 
95% active against trypsin and elastase. Ag- 
, gregation accounts for some, but not all, of 
the activity loss. Loss of activity is not af- 
; fected by protein concentration. Reductant 
; or free radical scavengers in the media (mer- 
V captoethanol, ascorbic acid, 2,6-di-tertbu4 
tyl-4-methylphenol![BHT)) do not increase 
; the yield of active product, 
j In conclusion, our work has shown that 
{ «»PI can be obtained as a blood product by 
» means that are inexpensive, simple, safe, 
i and reproducible, and which give a relative¬ 
ly pure product' ( > 90%) in high yield by 
j procedures that are applicable to large scale 
i industrial processing. Although we carried 
out the DEAE-cellulose separation via col¬ 
umn chromatography, batch-mode process¬ 
ing should certainly be achievable aiihough 
1 some loss of purity would be expected. In 
addition, we have developed a pasteuriza- 
‘ lion protocol that resultsin the preservation 


of 90 to 95 % of a x PI activity following heat 
treatment at 60*? C for 10 hours. , ,, 


Potential Hazards of a, PI 
v Replacement Therapy 

Because the consequences of a severe defi¬ 
ciency of a,PI are pulmonary emphysema 
in ~ 80% of the affected individuals, then a 
strong logic exists for prevention of this dis¬ 
order with a! PI replacement therapy. In 
this regard] it is appropriate to compare the 
structure of the M protein to its Z variant. 

An amino acid substitution of glutamic 
acid in the normal protein to lysine in the 
variant protein was found by peptide fin* 
gerprinting (34, 35). A second substitution 
of glbiamic acid to glutamine also was re¬ 
ported by one of the groups (35). In addi¬ 
tion, the Z protein may contain less carbo¬ 
hydrate than the M protein. In one study, a 
possible sugar difference was found for 
residues of sialic acid, the terminal sugar in 
most plasma glycoproteins (36), and in 
other reports the Z protein also was found 
to be deficient in glucosamine and the neu¬ 
tral sugars mannose and galactose, as well 
as sialic acid (37, 38 )j In experiments from 
this laboratory involving successive treat¬ 
ment with neuraminidase and galactose oxi¬ 
dase, followed by reduction with tritium-la¬ 
beled sodium iborohydride and isolation of 
the neutral sugar fraction, it was shown that 
the Z protein has a diminished content of 
both galactose and sialic acid relative to the 
M'formj and additional experiments indi¬ 
cate that neither protein contains terminal 


TABLE 4 


THE PARTIAL PURIFICATION OF -PROTEASE INHIBITOR FROM, PLASMA 
BY REDUCTIVE-SALTING OUT* 


0.1 M 
dithlo 
threitol 

Dilution 

Proteint 

% Recovery 
{Protein); 

•/» Recovery 

Of a,Pit 

Purifi 1 - 

cation 

Factor 

Initial 

Final 

+ 

. 2-lOId 

5010 

462 

9 

61 

6.66 

+ 

4-fold 

2505 

17.9 

7 

68 

9.60 


6-fold i 

167.0 

10 6 

63 

72 

11.40 

- 

2-foid; 

5010 

307.8 

61.0 

65 

1.07 

- 

4-fold 

250 5 

161.0 

64.0 

78 

1.22 

- 

6-fold 

167 

121.6 

73.0 

81 

1.12 


* Taken from reference 32. 
t Determined by LOwry. 
t Determined by litypsm inhibitory capacity. 


galactosyl residues (15). The question of 
carbohydrate differences is still unresolved, 
however, because a recent'investigation re¬ 
vealed no carbohydrate differences between 
the two forms (39). 

The two proteins were compared by cir¬ 
cular dichroism'spectroscopy and by fluo¬ 
rescence quenching experiments using ani- 
pnic (I - ) and neutral (i.e., acrylamide) probes 
(40). Both proteins share a similar second¬ 
ary structure, i.e.„ ~ 45 to 50% a-helix and 
15 to 20% jj-structure. Evidence was accu- 
1 mulated to show that the microenvironment' 
in the vicinity of the 3 tr>ptophany! residues 
is altered in Z form compared with the M ; 
form as shown by (a) the absence of the 
positive dichroic band in the 290 to 300 nm' 
region of the circular dichroism .spectra, (6) i 
i> 50 % increase in quantum yield in the 
tryptophanyl fluorescence emission spectra, 

' (c) an increased accessibility of tryptophan 
to quenching by iodide, and (d) acrylamide 
quenching experiments which indicate that 
all tryptophanyl residues in the Z protein 
are quenched equally or that quenching is 
dominated by a single residue, whereas in 
the M protein, heterogeneous quenching 
occurs. 

As discussed by Boyer et <7/(41), individ¬ 
uals with mutant genes that result in ithe ab¬ 
sence of production of a particular protein 
are especially likely to be immunologioally 
intolerant of such a protein. ,Thus, in terms 
of protein replacement, the presence of 
small levels of the protein native to the re¬ 
cipient is distinctly better than none. We 
can distinguish between cross-reactive nega¬ 
tive (CRM-) mutants (i.e., those individ¬ 
uals with no recognizable version of a par¬ 
ticular protein) and cross-reactive positive 
(CRM-f) mutants at the same locus. Be¬ 
cause most CRM + mutants (PiM vs. PiZ) 
involve only one amino acid residue substi¬ 
tution out of hundreds, the risk of immuno¬ 
logic recognition of the altered sequence or 
of any consequent local conformational 
changes imposed by the sequence variation 
should, in general, be much less severe than 
in CRM^- individuals. Ih CRM- individi 
uals, all peptide regions and conformation¬ 
al arrays are potential antigenic sites. Also* 
it should be pointed out that some CRM- 
mutations may turn out to be CRM + using 
more sensitive means of detection. Just 
such a finding appears likely for at'least 
some cases attributed to the Pi-null gene, 
where an electrophoretic pattern identical 
to that of very dilute PiM serum could be 
produced by radioautography (42). Thus 
far, limited experience with it he repeated in¬ 
fusion of M protein into Z recipients gives 
no indication that the M protein contains 
any novel antigenic sites compared with the 
Z-variant. It should be noted that a possible 
antigenic reaction is a legitimate concern 
for long-term replacement'therapy in o,Pl- 
deficiem individuals, but it is not an impor- 
tantiissue for potential treatment of ARDS. 

Of course, many questions remain con¬ 
cerning the use of o,PI in replacement thcr- 
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apy. These Include the conditions of stor¬ 
age, the concentration of protein, the degree 
of purity, the pH, and the infusion rate. 
One must carefully monitor blood pressure 
effects that could be introduced by minor 
contaminants from the kallikrein-kininsys- 
tem (43, 44). One also must consider the 
possibility that any aggregates formed on 
storage or heating of the protein will intro¬ 
duce new antigenic determinants in the sys¬ 
tem as have been reported for albumin (43, 
45) and immunoglobulin (44). In the studies 
of Gadefc et at (18), the concentration of 
total protein employed was ~ 8.0 g/ 1 00 ml 
and the osmolarity of the preparation was 
450 mosmol/l. If an individual required 4.0 g 
of o-iPI/ week and the preparation used was 
80% pure and introduced at a comparable 
concentration, intravenous injection would 
need to be 60 to 65 ml. Other routes of de¬ 
livery such as albumin beads (46) or aerosol 
need to be considered but would appear to 
be incapable of providing sufficient concen¬ 
trations of the protein to the lower tract of 
the lung. 


Practical Considerations and 
Possible Alternatives 
It is likely that replacement therapy with 
tfiPI would stop the progression of lung 
disease in nonsmoking individuals with 
aiPI deficiency. Such a conclusion was 
reached by a National Institutes of Health i 
Working Group for the evaluation of elas- 
tase inhibitor replacement therapy in pul¬ 
monary emphysema held in 1978 in Bethes- 
da, MD (47). The PiM-allele is by far the 
most common^ followed by PiS and PiZ 
(48). At'the present time, most of the se¬ 
verely deficient individuals in the U.S. have 
not been iidentified. Mass screening can be 
achieved, however, and in Sweden allinew- 
bom infants are tested routinely (49). In 
order to assay, large populations, a prelimi¬ 
nary measurement of ai PI levels by radial- 
immunodiffusion should provide an effec¬ 
tive cutoff point. Individuals with perhaps 
40% or less of the normal levels could then 
be phenotyped. 

Early detection of a deficiency state 
could provide a powerful motivation to in¬ 
dividuals to avoid Itmg irritants including 
smoking, working in industrial jobs where 
there are irritating fumes, dust, smoke, and 
proteolytic aerosols (e g., enzyme soaps), 
and to seek early treatment for respiratory 
tract infections. Long-term a,PI therapy 
could be commenced in i deficient individ¬ 
uals during early stages of lung dysfunc¬ 
tion. This might be detected by pulmonary 
function tests including spirometry and the 
pulmonary diffusing capacity for carbon 
monoxide (single breath (DLco) or by 
chemical tests suchias the radioimmunoas¬ 
say of elastin degradation products, as de¬ 
scribed in this symposium by Dr. Utabcrto 
Kucich. 

v Estimates of the number of individuals 
seriously deficient (i.e. t < 40% of normal 
leveli) in o, PI vary. A conservative estimate 


of 1 in 2,000 to 3,000 individuals in the 
United States would indicate that perhaps 
100,000 to 150,000 individuals are eventual 
candidates for o,PH therapy. If perhaps 
50% of these individual could be identi¬ 
fied, and if early signs of ldng dysfunction 
are the criteria for replacement therapy, 
perhaps 25,000 individuals would be poten¬ 
tial recipients. In the United States, approx¬ 
imately 3 million liters of plasma yielding 4 
million grams of a, PI are collected yearly 
(50). With eventual recovery of 40% of this 
protein from Cohn 1V-1 and other plasma 
fractions, 1.6 million g/year or 32^000 g/ 
week would be available. Because ~ 4 g/ 
week are needed per ZZ homozygote to 
maintain adequate inhibitor levels at all 
times, a significant fraction of the needs of 
Ihe community could be met if all a, PI were 
used for this purpose. 

Of course, the presentation of Dr. Coch¬ 
rane in the symposium points out the excit¬ 
ing possibility that .a, PI might prove benefi¬ 
cial in controlling ARDS and, if this proves 
correct, significant supplies of a, PI'would 
be needed for this purpose. At some point it 
may become feasible to enhance the sup¬ 
plies of ff|PI through recombinant DNA 
techniques, and considerable progress has 
been made in the cloning oft a { PI (51). The 
large quantities of protein needed/patient 
as compared with other current projects un¬ 
der way in thati industry, however (e.g., 
growth hormone, insulin, interferon), would 
suggest an: unfavorable cost factor com¬ 
pared with the facile isolation of aiPI from 
plasma fractions. In addition, and perhaps 
even more important; <*> PI is a glycoprotein 
containing ~ 13% carbohydrate in 3 com¬ 
plex carbohydrate chains. a t PI produced 
by recombinant techniques using bacteria 
or yeast will i be either devoid of carbohy¬ 
drate, or would have modified sugar side 
chains compared with the normal circula¬ 
tory inhibitor, and such a,PI derivatives 
would need to be evaluated extensively with 
regard to solubility, activity, clearance 
rates , antigenicity, etc., prior to clinical use. 
If these problems can be overcome, how¬ 
ever; the reductive-salting out approach to 
purification should be applicable to an a,PI 
product obtained 1 by genetic engineering 
technology. 

Although emphysema in smokers and 
others exposed to environmental hazards 
also appears to result from an overwhelm¬ 
ing of the antiprotease shield in the lung, 
the limits of availability, of ui PI probably 
would place these individuals in a very 16w 
priority to receive the drug since other more 
effective means of intervention (e.g., cessa¬ 
tion ,ofismoking) are possible. The eventual 
introduction of low M.W. synthetic elastase 
inhibitors might also aid these individuals 
provided highly specific drugs can be devel¬ 
oped that are effective, nontoxic, and lOng- 
lasting. This subject is addressed by Dr. 
James Powers in this symposium. 

In conclusion, scientific studies from 
many laboratories suggest the likelihood 
that oi PI can assume a major and beneficial 
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role in preventing emphysema in aiPI+defi- 
cient individuals and may also prove of value 
in the treatment of ARDS. The industrial 
production of an active and safe tr, PI prod¬ 
uct is now achievable, and extensive clinical 
trials are warranted in the years ahead. 
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